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Resumo 
O objetivo no estudo foi desenvolver um sistema adesivo e avaliar a 
capacidade adesiva e remineralizadora de um sistema adesivo experimental auto-
condicionante de dois passos contendo nanopartículas de biovidro, aplicado sobre 
dentina afetada por cárie. Para isso, foi sintetizada uma partícula de tamanho 
nanométrico pelo método sol-gel Stöber a base de Si, Na, Ca e PO4, a qual foi inserida 
ou não em sistema adesivo experimental auto-condicionante. Também foi utilizado o 
sistema adesivo auto-condicionante comercial (Clearfill SE2) como controle comercial. 
Foi simulado o tecido afetado por cárie em dentina bovina pelo método químico até 
atingir 100 µm de lesão. O potencial adesivo foi avaliado por meio do teste de 
resistência de união à microtração (µTBS) e padrão de fratura. Para avaliar o potencial 
remineralizador foram utilizados o teste de nanoindentação, tomografia de coerência 
óptica (OCT), zimografia in situ. A microscopia de escaneamento por laser confocal 
(CSLM) foi utilizada para avaliar a perda de volume do tecido dental e a microscopia 
eletrônica de transmissão (MET) foi usada para avaliar a interação nanométrica dos 
cristais de apatita com o colágeno da dentina afetada por cárie. Os grupos avaliados 
foram: (1) Clearfill SE2, (2) sistema adesivo experimental controle e (3) sistema 
adesivo experimental contendo nanopartículas de biovidro (10% em peso). O primer 
dos sistemas adesivos foi aplicado por 10 s e o adesivo por 20 s, seguido de 
fotoativação por 14J/cm2. Todos os testes foram avaliados em dois tempos diferentes: 
24 h e 28 dias armazenados em uma solução simuladora de fluido corporal. Os 
resultados de µTBS demostraram que a presença deste tipo de nanopartícula não 
diminuiu a resistência adesiva após 28 dias, bem como a reliabilidade (módulo de 
Weibull). Além disso, a atividade enzimática diminuiu quando foi utilizada a 
nanopartícula. A nanodureza foi recuperada em 47,2% quando comparada à dentina 
sadia. O volume perdido também foi recuperado em 72,9%. Quando a nanopartícula 
estava presente, observou-se diminuição na profundidade da lesão, mas não no 
coeficiente de atenuação óptica, quando avaliados os resultados do OCT. Quando 
avaliada as micrografias em MET, cristais semelhantes a apatita foram detectados na 
dentina adjacente a camada híbrida, organizados em forma de agulhas. Nos outros 
grupos, isso não foi observado. Pode-se concluir que o sistema adesivo experimental 
contendo nanopartículas de biovidro formou núcleos de mineralização, atingindo 
zonas intrafibrilares, sem interferência da resistência adesiva, além de recuperar a 
  
dureza da dentina na área desmineralizada e melhorando o prognóstico de 
degradação enzimática. 
Palavras-chaves: Mineralização, dentina, cárie dentária. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Abstract 
The aim of this study was to develop and assess the adhesive ability of a 
remineralizing 2-step self-etch adhesive system containing a nanobioglass, applied on 
caries affected dentin. For this purpose: it was synthesized a bioglass nano-sized by 
the Stöber method, based on Si, Na, Ca and P, this particle was doped into a self-etch 
adhesive system. The Clearfill SE2 was used as a self-etch commercial adhesive 
systems. A caries affected dentin lesion was simulated until obtain 100 µm. The 
adhesive potential was tested using a microtensile bond strength test (µTBS) and 
failure pattern. In order to assess the remineralizing properties, it was used 
nanoindentation, optical coherence tomography (OCT), Zymography in situ. Confocal 
laser scanning microscopy was used to assess the loss of volume of dental tissue and 
transmission electron microscopy (TEM) was used to evaluate the nanometric 
interaction of crystals of apatite with collagen of the caries affected dentin. The groups 
were: (1) Clearfill SE2, (2) Experimental control adhesive system and (3) Experimental 
adhesive system doped with Nanobioglass (10%wt) within the adhesive system. The 
primer of the adhesive system was applied for 10 s and the adhesive for 20 s, followed 
by a light-curing until reach 14J/cm2. For all the tests, two times were assessed: 24 h 
and 28 days stored in a simulated body fluid. The results of the µTBS showed that the 
presence of the nanobioglass did not reduce the adhesive bond strength after 28 days, 
as well as the reliability (Weibull moduli). Furthermore, the enzymatic activity 
decreases when the nanobioglass was used. The Nanohardness was recovered in 
47.2% when compared to sound dentin. The lost volume was recovered in 72.9%, 
when nanobioglass was present. It was observed a decrease of the depth of lesion, 
but the attenuation coefficient was not modified, when OCT outcomes were assessed. 
When the TEM micrography was evaluated, the crystals detected in dentin next to the 
hybrid layer were similar to apatite, organized in needle like crystals. In the other 
groups, this outcome was not observed. Summarizing we can conclude that: an 
adhesive system containing nanobioglass formed mineralization seed sites, reaching 
the intrafibrillar areas without jeopardizing the adhesive bond strength. Besides, the 
Nanohardness of demineralized dentin was improved as well as the prognostic against 
enzymatic degradation. 
Keywords: Mineralization, dentin, dental caries. 
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1. Introdução 
Os dentes são a estrutura mais calcificada do corpo, seguida pelos ossos. 
São formados por três tipos de tecidos mineralizados diferentes (esmalte, dentina e 
cemento), sem capacidade de remodelação. Estão organizados estruturalmente pelo 
mesmo cristal, a hidroxiapatita. No esmalte dental, este cristal é consideravelmente 
maior, medindo aproximadamente 100-160x50x50 µm. Na dentina e cemento, seu 
tamanho dependerá da localização e função (Daculsi et al., 1984). Na dentina, a 
hidroxiapatita é organizada pela matriz de colágeno (Märten et al., 2010). A 
mineralização destes tecidos é mediada pelas células que os formam. No caso da 
dentina, os odontoblastos são os responsáveis pela secreção de matriz (colágeno) e 
minerais que cristalizam dentro da matriz (Linde, 1989). O conhecimento destes 
processos fez que a reprodução in vitro deles fosse viável. Um grande impulso foi 
dado pelo desenvolvimento de uma partícula de biovidro bioativa (45S5) por Larry 
Hench (Hench, 2006), em 1969, na Universidade da Flórida, EUA. A partir daí, 
múltiplos esforços foram feitos para criar mais materiais bioativos, visando a 
biomineralização de tecidos mineralizados afetados por diversos tipos de lesão 
(Hench, 2006). 
Atualmente, o termo bioativo foi implementado para diferenciar a tecnologia 
usada dentro desses novos materiais. Este termo tem diferentes acepções: materiais 
que tem uma resposta ou efeito biológico ou que são biologicamente ativos formando 
uma união entre os tecidos e os materiais (implantes de titânio); no campo da 
engenharia tecidual ele se refere ao material que tem um efeito celular de indução 
pela liberação de íons (Vallittu et al., 2018). Já em ciências de biomateriais, o termo 
bioativo refere-se a um material que pode formar cristais sobre a superfície (este termo 
pode ser usado também para materiais biocerâmicos) (Hench, 1998). Esta é uma 
propriedade qualitativa e o material será bioativo sempre que libere íons para que a 
biomineralização aconteça. 
A composição e o tamanho das partículas bioativas tem um papel 
importante para o correto funcionamento da partícula. Trabalho prévio mostrou que a 
concentração de íons liberados é um fator crítico para a reposta biológica 
(osteoestimulação) (Xynos et al., 2001). Outro estudo modificou os tipos de íons 
liberados, encontrando diferentes respostas para o mesmo problema, embora seja 
preciso ainda mais pesquisas sobre estas novas estratégias (Hoppe; Güldal; 
Boccaccini, 2011). Assim, o ideal seria utilizar uma concentração conhecida de íons 
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liberados, similar ao biovidro 45S5, pois ele consegue atingir a concentração de íons 
ideal para a maioria dos processos de remineralização que pretende-se emular (Chen; 
Thompson; Boccaccini, 2006).  
A nanotecnologia aplicada às partículas bioativas vem tendo muito 
sucesso. Os mecanismos a serem emulados pelos materiais bioativos são muito 
similares àqueles que se encontram na natureza. Porém uma deficiência verificada 
com esses materiais é a recuperação de grandes extensões de tecidos, pois, embora 
eles estimulem o processo regenerativo (Zheng; Boccaccini, 2017), o uso de 
arcabouços ou matrizes é recomendado.  
Há três tipos conhecidos de mineralização para dentina: a extrafibrilar, 
interfibrilar e intrafibrilar. A primeira ocorre por deposição de minerais ao redor das 
fibrilas de colágeno, sendo esta em forma de platôs. A mineralização interfibrilar 
ocorrerá entre o espaço de aproximadamente 67 nm que existe entre as fibras 
colágenas, em sentido longitudinal. A terceira ocorre entre os 23 nm existentes entre 
as fibras colágenas paralelas ao eixo longitudinal. Nesse caso, os cristais são em 
forma de agulhas para encaixar no espaço mencionado (Amos et al., 2007). 
Em Odontologia, a doença mais prevalente continua sendo a cárie. Embora 
os materiais restauradores tenham evoluído bastante, os tecidos infectados e afetados 
pela doença continuam sendo um problema no momento da restauração (Nakajima et 
al., 2011). O manuseio atual da doença cárie vem sendo modificado, visando a menor 
invasão possível e recuperação do tecido. O conhecimento do comportamento da 
dentina frente à doença cárie foi chave para entender e criar os pilares de uma atenção 
minimamente invasiva e remineralizadora (Banerjee; Thompson; Watson, 
2011)(Banerjee; Doméjean, 2013). Sabe-se que a saliva e o fluido dentinário são 
reservatórios naturais de cálcio e fosfato e peças fundamentais para uma 
remineralização biomimética dos tecidos afetados. Assim, a recuperação da dentina 
afetada por cárie vem sendo alvo de muitos estudos (NIU et al., 2014) no intuito de se 
alcançar uma reconstrução efetiva e duradoura. 
Nanopartículas de fosfatos de cálcio já foram testadas, em diferentes 
concentrações, combinações e mecanismos de inclusão sobre uma dentina afetada 
(Cao et al., 2013). Os tratamentos com fosfatos de cálcio mostraram efetiva 
recuperação do tecido para uma posterior reconstrução com materiais de restauração 
convencionais (Guentsch et al., 2012). 
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O tamanho destes cristais foi calculados para um melhor entendimento e 
análise e disposição na dentina e giram em torno de aproximadamente 100x30x1-4 
nm. Deve-se entender que o tamanho pode variar em função da localização na dentina 
e sua orientação acompanhará as fibras colágenas, mudando de direção em função 
da proximidade aos cornos pulpares e área cervical (Märten et al., 2010). Essas áreas 
são mais propensas à desmineralização por ataque ácido, seja químico ou biológico 
(Gandolfi et al., 2011). 
Restaurações em compósitos requerem uma interface adesiva 
suficientemente estável para resistir os desafios externos e as forças mastigatórias. O 
uso de adesivos resinosos é a forma rotineira de se atingir este objetivo. No entanto, 
os resultados de resistência de união e durabilidade destas restaurações são menores 
quando o substrato dentinário é afetado por cárie (Nakajima et al., 2011)(Perdigão, 
2010)(Wang; Spencer; Walker, 2007). Em um estudo prévio, foram testadas partículas 
micrométricas de fosfato de cálcio com simuladores de fosfoproteínas (análogos 
biomiméticos) dentro de um material resinoso adesivo e os resultados mostraram que 
as propriedades adesivas foram mantidas a longo prazo (ABUNA et al., 2016). No 
entanto, o tecido dentinário era sadio. Sendo assim, o desafio é atingir uma 
remineralização da dentina afetada por cáries, a partir do mesmo material usado para 
aderir a restauração final. Assim o objetivo proposto neste trabalho foi desenvolver um 
material adesivo capaz de carregar um nanobiovidro remineralizante, sem prejudicar 
suas propriedades adesivas. 
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Abstract 
Objectives: The aim was to evaluate the remineralizing process of a self-
etch adhesive doped with bioactive nanobioglass.  
Methods: Experimental Si, Ca, Na and PO4 based nanobioglass were 
synthesized and doped into a self-etch adhesive. Divided in 3 self-etch adhesives 
groups: Clearfill SE2 (CSE2), experimental (EXC) and experimental doped with 10% 
of nanobioglass (ExNB). It was applied on caries affected dentin (chemically simulated) 
and evaluated after 24 h and 28 days of immersion in simulated body fluid. The 
remineralization process was assessed using optical coherence tomography, 
nanoindentation, in situ zymography, transmission electron microscopy, confocal laser 
scanning microscopy, µ-tensile bond strength and pH buffer. The adhesive properties 
were tested using a microtensile bond strength. 
Results: The addition of nanobioglass particles into the self-etch adhesive 
modified the µTBS in short term jeopardizing the adhesive properties, different than 
the non-doped self-etch adhesive. The remineralization recovered the nanohardness, 
and volume lost by caries lesion (p=0.02). Moreover, reduced the enzymatic activity 
(p=1.24E-4) and formed new crystals within of the hybrid layer.  
Conclusion: The use of nanobioglass was efficient to recover the 
properties of a caries affected dentin. Furthermore, the adhesive properties would be 
improved. 
Keywords: Mineralization, dentin, dental caries. 
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1. Introduction 
Biomineralization process involves the formation of crystals in a well-
structured pattern. Mineralized tissues, like bone, dentin, cementum and calcified 
cartilage are formed by cells. These cells deposit nonmineralized tissue, initiate and 
control the mineralization process, regulating the metabolism. In case of dentin, 
collagen proteins are used as a scaffold and unlike bone, the remodeling process does 
not occur [22].  
The odontoblasts are the cells responsible for the dentin formation. They 
produce extracellular matrix and control the initial mineralization process. The process 
occurs in two subsequent, but simultaneous steps: the collagen network formation and 
the mineralization. The cells exocytose the pre-dentin and components for mineral 
deposition. Polyanionic non-collagenous proteins (NCP’s) are the responsible for 
stabilizing the new crystal [3]. And the knowledge of these mechanisms made possible 
in vitro reproduction. In remineralization, insoluble organic macromolecules such as 
collagen are called “the structural matrix”, and are mineralized with the coordination of 
biopolymers (Polymer-Induced Liquid-Precursor, PILP)[23].  
However, collagen type I has an active role in mineralization of apatite. 
Furthermore, the NCP’s have the limitation for just inhibit the extrafibrillar 
mineralization [24]. However, the appropriate combination of PILP’s could lead to 
intrafibrillar mineralization as demonstrated in a previous study [21]. The strategies for 
mineralization could be summarized in: (1) traditional nucleation of crystals, from the 
calcium and phosphate ionic species present in the parent solution, (2) a crystallization 
via an amorphous precursor phase, which might occur if the energy barrier for 
nucleation is too high to follow the pathway, (3) and the use of PILP’s, which after it 
solidifies into amorphous calcium phosphate (ACP), it transforms into hydroxyapatite 
(Hap) [11]. The ultimate goal of mineralization is to stabilize hydroxyapatite that is 
thermodynamically stable and could resist the acid challenge of mouth environment. 
The mineral content are generally flat plates and mostly arranged parallel within the 
collagen fibrils (intrafibrillar) or between the fibrils (interfibrillar). Crystals of ~100 x 30 
x 1-4 nm appears at regular intervals, with an approximate repeat distance 67 nm [25]. 
When the mineral is intrafibrillar located, the c-axis is aligned with the collagen 
molecule. On the other hand, when is interfibrillar located, the arrangement is random 
[26]. The collagen network is generally orthogonally organized to dentinal tubules, 
which are formed during the odontogenesis, to support the odontoblastic 
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prolongations. Though, a peritubular dentin is formed, where there are crystals with a 
10 nm thickness but less collagen, doubling the stiffness of the intertubular crystals 
[27]. The density of tubules increases towards the pulp, increasing the dentin 
peritubular thickness. However, this does not alter the mineral density of the bulk 
dentine. The crystals thickness changes near the pulp chamber, decreasing from ~3.5 
nm to ~2 nm [2]. 
Once dentin is subjected to demineralizing process, like acid challenge, the 
hydroxyapatite crystal would return to a more basic form. This means a carbonate 
hydroxyapatite (dahlite) or a calcium deficient hydroxyapatite is formed. Mineral 
distribution is highly variable and could be extended to hundreds of microns below the 
surface. The remineralization of this area is possible [28], however, the 
remineralization does not occur by spontaneous nucleation of mineral on the matrix. It 
uses the residual apatite seed crystallites remaining in the caries affected dentin (CAD) 
[29].  
For remineralizing purposes, the desired ion ratio of Ca/P must be 
reproduced, the pH must be compatible with the pH of the environment, the water 
availability of the place has to be considered, and the temperature should be between 
35 and 36ºC [21]. 
Nanoparticles based on silica present characteristics for good surface 
energy, porous volume, shape and size control, as well biocompatibility. These 
nanoparticles have been studied through the last years for drug delivery, due to the 
limitations of the solubility of some pharmaceutical drugs. Then, the use of mesoporous 
silica particles works as an alternative for the use of drug delivery, because they 
increase the surface area and the contact with the dissolution medium, increasing the 
speed of dissolution [30]. Furthermore, it was established that the silica is able to 
release gradually some drugs as antibiotics and others. The tissue engineering 
presents a new applicability of these bioactive particles, as these particles also have 
osteoinductive properties and remineralizing properties [31]. Bioglass develop by 
Hench [4] evolved through different mechanisms of synthesis, from a melt-quenching 
to a sol-gel process. The first one allows a massive synthesis but the possibility for 
controlling the shape and the homogeneity of the particle size is a drawback of the 
technique. On the other side, the sol-gel process is desirable for the production of 
spherical shape and small size particles. The particles obtained by this process pass 
through two phases. 1. Sol: a colloidal suspension of solid particles; 2 Gel: an 
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interconnected network, that produces a long secondary phase, generally liquid. The 
solvent and pH of the solution became important for the production of a specific 
particle. In acidic conditions, the alkoxides of silica form a gelified 3D structure, different 
than alkaline solutions [10]. 
Then, it came the Stöber process, which is a sol-gel process in alkaline pH, 
using an ammonia catalyst for to obtain a colloidal solution of mesoporous silica 
nanoparticles, spherical shaped. This synthesis allows the formation of nanoparticles 
~0.05 – 2 µm in diameter, where metallic ions could be incorporated into the network 
during the colloidal phase [10][32]. 
During the last decade, the remineralization process has been improved in 
order to achieve the formation of intrafibrillar HAp. One of these efforts is focused in 
the synthesis of the bioactive glasses, because they can effectively release the correct 
ratio of ions to the formation of a new crystal. However, as they are micrometric (or 
submicrometric), they only achieve an extrafibrillar portion of the collagen fibrils. Those 
that work together with polymer induced liquid precursor (biomimetic analogs), can 
achieve the intrafibrillar portion. In previous study [21], the authors experienced the 
combination of calcium phosphates and biomimetic analogs within an adhesive resin 
blend. However, in this study it is proposed a synthesis of a new bioglass (nano-sized) 
that releases the appropriate percentage of ions needed for remineralization.  
The tested null hypotheses were: no significant interference in the adhesive 
properties would be detected of the experimental adhesive containing the 
nanobioglass, either within 28 days of storage; and, the simulated caries affected 
lesion would not present recovery of the mechanical properties after 28 days of 
storage. 
2. Materials and methods 
2.1. Formulation of the materials 
2.1.1. Synthesis of nanobioglass particles 
The following chemicals were used as precursors for the synthesis of the 
sol–gel Stöber process: tetraethyl orthosilicate (TEOS) (Sigma-Aldrich, St. Louis, MO, 
USA - 99%), triethyl phosphate (TEP) (Sigma–Aldrich, 99%), sodium nitrate (Sigma–
Aldrich, 99%) and calcium nitrate tetrahydrate (Sigma–Aldrich, 99%), using 10% 
ammonium hydroxide catalysis. A sol was prepared in a volumetric flask at 60 °C under 
constant agitation by mixing the reagents in the following order: deionized water, 10% 
ammonium hydroxide, TEOS, sodium nitrate, calcium nitrate tetrahydrate and 
  
18 
phosphorous pentoxide. Each chemical was added slowly into the aqueous solution at 
room temperature. Each compound, in the sequence, was added only when the 
previous solution became clear. The flask was sealed and maintained at 60ºC under 
constant agitation for 3 h to allow gelation to occur in an environment hermetically 
closed. After, the solution was centrifuged (EppendorfTM 5702 series, Hamburg, 
Germany) using three baths of isopropyl alcohol, dried in oven at 60ºC for 24 h under 
vacuum. Then, it was sintered at 400ºC (EDG W-three, Sao Carlos, SP, Brazil). 
2.1.2. Adhesive resin blending  
Three self-etch adhesive systems were used: Clearfill SE Bond 2 – CSE2 
(Kuraray Medical Inc, Tokyo, Japan) as a commercial control and two experimental 
self-etch adhesive systems were blended, based in a primer and adhesive resin 
formulations. The primer was formulated using (weight percentage): 20% of 10-
metacryloyloxypropyl phosphate (10-MDP, Kuraray Medical Inc, Tokyo, Japan) 10% 
of 2-hydroxiethylmetacrylate (HEMA, Sigma-Aldrich), 15% of urethane-dimetacrylate 
(UDMA, Sigma-Aldrich), 15% of triethylenglycol-dimetacrylate (TEGDMA, Sigma-
Aldrich), 15% of distillated water, and 25% of ethanol.  
The adhesive resin was based on dimethacrylates monomers: 35% of 
UDMA (Sigma-Aldrich), 10% of bisphenol-A-glycidil-dimethacrylate (BisGMA, Sigma-
Aldrich), 22% of bisphenol ethoxymethacrylate (BisEMA, Sigma-Aldrich), 30% of 
TEGDMA (Sigma-Aldrich), 1% of ethyl-dimethylamine-benzoate (EDAB, Sigma-
Aldrich), 0.5% of camphoroquinone (CQ, Sigma-Aldrich), and 1.5% of iodonium 
diphenyl hexafluorophosphate (DFI, Sigma-Aldrich).  
This adhesive system formulation was considered as control group (EXC). 
In the experimental group, it was added 10% (in weight) of nanobioglass particles 
(EXNB), using ultrasonic bath for 5 min in cooled water (5 °C).  
2.2. Sample preparation 
All the samples were prepared using bovine teeth (incisors), dentin was 
exposed grinding using a SiC paper, the specimens were observed under OCT to 
assess any previous demineralization. For a further demineralization process with a 
caries simulated model using a 20 mm2 of dentin surface for 10 ml of acidic buffered 
solution containing 2.2 mmol/L CaCl2, 2.2 mmol/L NaH2.PO4, and 50 mmol/L acetic 
acid adjusted to pH 4.5 with NaOH for 48 h, until a 100 µm lesion depth was obtained 
[33][34]. The samples were restored with the respective adhesive material and built up 
with Clearfill APX resin composite. Each adhesive was applied for 10 s the primer and 
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20 s the adhesive, evaporated for 20 s and light cured until reach 14 J/cm2, in a light 
controlled environment and storage for analyses.  
2.3. Nanoindentation 
Thirty bovine incisors were selected (n=10/group), cleaned and grinded to 
expose a flat surface area of dentin. Samples of 5 x 5 mm were sectioned (Isomet 
1000, Buehler, Lake Bluff, IL, USA) from the teeth and simulated caries lesions were 
created.. The samples were rinsed, dried and restored using each adhesive system. 
The samples were sectioned in halves and assessed after storage by 1 day or 28 days 
in simulated body fluid SBF solution. This solution was prepared by dissolving 136.8 
mM NaCl, 4.2 mM NHCO3, 3 mM KCl, 1mM K2HPO4·3H2O, 1.5 mM MgCl2 and 0.5 mM 
Na2SO4, in water exchanged every 48 h[35]. 
An ENT-1100 (Elionix, Tokyo, Japan) nano-indentation system was used to 
measure the surface mechanical properties of the samples. The contact area of the tip 
as a function of the penetration depth was first calibrated on fused silica. Arrays of 6 
indents with 50 µm spacing among them were made on the samples. The 
measurements started from the adhesive layer. The properties reported at a given 
distance from the lesion front were the average of the values resulting from the indents 
in a given row for each of the samples of each group. This method minimized the 
variation in measured properties rustling from differences in the local microstructure at 
the indentation sites. The instrument used had a three-sided pyramidal diamond probe 
with an included angle of 115º. Load of the indenter was 50 mgf. Lines of six indentation 
at 5-µm intervals were made immediately under the coating materials until the sound 
dentin were made, leaving 20 µm of space between each line. The Martens hardness 
(HM[N/mm2]) was obtained calculating the Pmax (point of maximum load) over the As 
(contact surface area). The hardness obtained from sound dentin (HMbaseline) was 
compared to the HM24h  and the HM 28 d using the formula: HM%=[(HMbaseline – 
HMx)/HMbaseline]·100, where x is 24 h or 28 d. The hardness data were submitted to 2-
way ANOVA (<0.05) and post hoc Fisher LSD test. Prior, the Shapiro Wilk normality 
test was done and accepted the normality of groups. 
 
2.4. Sweept- Source Optical coherence tomography (SS-OCT) 
Other 30 bovine incisors were prepared as described before. The optical 
coherence tomography (OCT-2000, Santec, Komaki, Japan) system used a frequency 
domain OCT, that measured the magnitude and time delay of reflected light in order to 
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construct a depth profile. This OCT system incorporated a high-speed frequency swept 
external cavity laser with a probe power. The wavelength ranged from 1260 to 1360 
nm, with a central wavelength of 1310 nm at a 20-kHz sweep rate. The focused light 
beam was projected onto the observation sites and scanned across the area of interest 
in tow dimensions using a hand-held probe. Backscattered light formed the sample 
that was coupled back to the system, digitized over a time scale, and analyzed in the 
Fourier domain to reveal the depth information of the sample, creating two-dimensional 
images. The axial resolution of the system was 12 µm in air, which corresponded to 8 
µm in tissue, assuming a refractive index of 1.5 (approximately). The lateral resolution 
was 20 µm (2000x1024 pixel). 2D cross-sectional images were taken and analyzed in 
a custom code in the image analysis software (Image J; Wayne Rasband, NIH, 
Bethesda, MD, USA). After 7, 14, and 28 days, the samples were assessed and 
compared with the nanoindentation results with a Confocal Laser Scanning 
Microscope. The data was analyzed using one-way ANOVA with repeated measures 
(<0.05) 
2.5. Confocal laser scanning microscopy (CLSM) 
After SS-OCT and nanoindentation observation, all specimens were fixed 
in epoxy resin (EpoxyCure, Buehler, Lake Bluff, IL, USA) and after 8 h, a low speed 
diamond saw (Isomet 1000, Buehler, Lake Bluff, IL, USA) was used to cut each 
specimen in half along the center and obtain discs with a thickness of approximately 2 
mm. The slices were polished with a 2000 grit silicon carbide paper, followed by 6µm, 
3 µm, 1µm, 0.25 µm diamond paste (Buehler, Lake Bluff, IL, USA), under running 
water. The slice was assessed using a CLSM (1LM21H/W, Lasertec, Yokohama, 
Japan) at magnification of 500x. A 2D cross sectional surface profile was obtained and 
the area of the lost tissue was compared 24 h and 28 d (Supplementary, Fig1). The 
comparison was done using the following formula: %Z=Z1-Z2·100/Z1. 
2.6. Microtensile bond strength (µTBS) 
For the µTBS, thirty specimens (n=10) were restored using an active 
application of the primer for 10 s. The solvent was evaporated for 20 s, and the 
adhesive resin applied for 10 sec with active application and evaporated for 20 s. 
Polymerized using 14 J/cm2 with a Quartz Tungsten Halogen unit (Optilux 501, Kerr 
Corp. Orange, CA, USA), and stored in SBF. The samples were sectioned in resin-
dentin sticks (0.7 mm X 0.7 mm) and tested 24 h and 28 d after storage in SBF(n=10). 
It was considered half tooth as statistical unit (~20 sticks per tooth). The sticks from 
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the most peripheral area presenting residual enamel were excluded from the test. The 
sticks were attached to a jig with a cyanoacrylate glue (Super Bonder gel, Loctite, 
Rocky Hill, USA) and tested to failure in an universal testing machine (EZ-test; 
Shimadzu, Kyoto, Japan) with a 50-N load cell (cross-head speed: 1.0 mm/min). The 
exact cross-sectional area of each tested stick was measured with a digital caliper after 
fracture. The µTBS results were calculated and expressed in MPa. The µTBS values 
obtained from the sticks of the same resin-bonded tooth were averaged and the mean 
bond strength was used as one unit for statistical analysis. 
After the µTBS test, the failure mode of each fractured stick was determined 
using a scanning electron microscope (5310LV JEOL, Tokyo, Japan) at x100 
magnification. The fractures were classified as adhesive, mixed, cohesive in composite 
or in dentin. The data was submitted to 2-way ANOVA and Tukey’s HSD post hoc test 
(=0.05). The results were also analyzed using two-parameter Weibull statistics for 
each material group. The Weibull moduli (m) were determined, and reliability at 63.5%. 
2.7. Zymography in situ 
Fifteen bovine incisors were restored as described before. They were 
sectioned and analyzed in halves: the first one after 7 d and the second one after 28 d 
after the restoration procedure. Before, they were polished with a 1200 grit wet silicon-
carbide paper. Each bonded dentin/composite site was glued to a microscope slide 
with cyanoacrylate glued and ground down to obtain 100 µm thick specimens. In situ 
zymography was performed with EnzCheck (E-12055, Molecular Probes, Eugene, OR, 
USA) using a fluorescein-conjugated gelatin for MMP substrate. A 1.0 mg/mL stock 
solution of the dye was prepared according manufacturer´s instructions, and diluted 
1:8 in distilled water. An anti-fading agent (Mounting Medium H-1000 Vectashield, 
Vector Laboratories, Cambridgeshire, UK) was added. 40 µL of the fluorescent gelatin 
mixture was placed on top of each slab and covered with a coverslip in a dark room 
stored at 37ºC. 
A CLSM (SP8, Leica microsystem, Wetzlar, Germany) was used for the 
assessment of the samples, equipped with a HyD detector used at 100% and an 
objective of 63x 1.4NA in oil immersion. A 488 nm Argon laser was used for excitation 
under a band pass filter of 500-540 nm. Optical sections of 20 µm thick at a 5 µm 
interval size was used for different focal planes, and stacked. After, they were 
analyzed, quantified (fluorescence intensity) and processed with Las X software. 
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For this experiment, a negative control was used (non-restored tooth). The 
values of the fluorescence intensity were analyzed with a 2-way ANOVA and post hoc 
Tukey HSD test (<0.05). 
2.8. Transmission electron microscopy (TEM) 
After 28 d of restoration, the specimens were processed for TEM [36]. 
Specimens were fixed in Karnovsky’s solution, rinsed in cacodylate buffer and post-
fixed with 1% osmium tetroxide solution. Each sample was rinsed with sodium 
cacodylate buffer. The samples were dehydrated in ascending ethanol solutions (30-
100%), immersed in propylene oxide and embedded into epoxy resin (Buehler, Lake 
Bluff, USA). ~90nm thick sections were prepared using an ultra-microtome and 
examined without further staining using transmission electron microscope (Hitachi H-
7100, Tokyo, Japan) at 100 kV. 
2.9. pH behavior 
A mixture between of the primer and adhesive resin (3:7 ratio) was made 
for the 3 adhesive systems (n=5). Solutions were made with 100µL of each mixture 
diluted with distilled water to a total volume of 10 mL, and another solution with 10 mg 
of demineralized dentine powder. Previously grinded from sound bovine incisors dentin 
and submitted to the same demineralizing solution. The pH measurements were 
performed at time points after the start of mixing (0-24h). The pH values were 
measured with a pH meter (F-52, Horiba, Kyoto, Japan). Prior to measuring the 
solutions, the pH electrodes were calibrated with buffer solution at pH 1.68 and pH 
4.01. Five specimens per group were prepared and the mean calculated and 
transformed to a log10 base.  
3. Results  
3.1. Nanoindentation 
As shown in Figure 1, the experimental self-etch adhesive system doped 
with nanobioglass particles was statistically different from the other groups after 28 
days (p= 9.88E-11). In 24 h all groups did not differ among them  The experimental 
adhesive with nanobioglass experienced an increase of 47.2 % (median) of HM 
compared to the baseline, after 28 days. Even though, the mean was 75.7% and the 
skewness of the 3 quartile 120.65. The normality test (shapiro wilk) was accepted and 
the ANOVA two-way post hoc Fisher LSD was obtained. 
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Fig 1. Percentage (%) of recovery of nanohardness, the median value is 
signaled, the interquartile with the blue line and the mild outliers with the green dot. 
The statistical difference was signaled with a letter against all the other groups.  
 
 
3.2. Optical coherence tomography 
Table 1. The coefficient of attenuance (µat) for all adhesive systems in 
function of the time, mean (standard deviation) p>0.05. 
 24h 7 days 14 days 21 days 28 days 
CSE2 95.91(21.7) 80.62(28.1) 80.13(28.1) 87.11(29.5) 86.34(27.1) 
EXC 90.96(36.9) 86.47(29.4) 89.6(36.5) 84.07(21.2) 86.13(47.4) 
EXNB 87.21(28.7) 94.21(20.2) 96.42(23.9) 99.3(22.3) 97.85(12.4) 
Mean followed by the same superscript capital letters between columns are 
not statistically different 
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Table 2. The depth of lesion for all adhesive systems in function of the time, 
mean (standard deviation). 
 24h 7 days 14 days 21 days 28 days p<0.05 
CSE2 355.76(85.8) 331.74(95.2) 370.14(97.2) 375.12(70.8) 386.06(57.2) B 
EXC 423.59(47.6) 409.71(42.3) 405.73(81.9) 372.17(81.4) 424.6(37.7) B 
EXNB 407.74(83.5) 245.65(101.9) 162.18(132.6) 145.7(111.4) 112.75(75.3) A 
Mean followed by the same superscript capital letters between columns are 
not statistically different 
No difference was not observed in the µat among all groups in table 1. The 
demineralized dentin area was not modified by the CSE2 and EXC materials (>0.05). 
The EXNB material showed a change, recovering the initial (sound dentin) 
demineralization depth (p=5.24E-05) in table 2.  
Fig 2. Optical coherence tomography swept source. Letter A refers to 24 h 
and letter B 28 days assessment. Groups 1: CE2, 2: EXC, and 3: EXNB. Dotted line 
marks the length of the lesion and arrow the depth of the lesion.  
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3.3.  Confocal laser scanning microscopy 
 
Fig 3. Percentage of recovery of volume, after the CLSM evaluation.  
 
The recovery of volume lost by demineralization in dentin slabs was found 
and the data was submitted to 1-way ANOVA and Tukey HSD test (<0.05). Regarding 
the remineralization of originally carious slabs, the effect of the inclusion of 
nanobioglass particles in the experimental self-etch adhesive was statistically 
significant (p=0.02). 
 
 
3.4. µTensile Bond Strength 
 
Table 3. Means, standard deviation (SD) and failure patterns 
 24 h 28 days 
 µTBS Failure pattern µTBS Failure pattern 
CSE2 49.87(10.2)Aa 62/11/28 53.11(10.2)Aa 60/3/37 
EXC 37.78(12.6)Aa 80/9/11 38.45(11.7)Ba 62/14/24 
EXNB 41.94(6.5)Aa 79/16/5 58.22(8.6)Ab 57/17/26 
*Mean followed by the same uppercase capital letters among rows and 
lowercase letters between columns are not statistically different.  
Percentage of failure mode (Adhesive/Mixed/Cohesive either in dentin or in 
composite resin) 
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Table 4. Weibull moduli (m) as a function of time and reliability at which 
63.5% of specimens may be expected for fail (MPa). 
 24 h 28 days 
 
Weibull 
modulus (m) 
Reliability 
63.5% 
Weibull 
modulus (m) 
Reliability 
63.5% 
CSE2 4.94 46.30 4.93 49.28 
EXC 2.44 31.43 2.88 33.05 
EXNB 6.40 39.73 6.71 55.30 
 
The µTBS values, showed in Table 3, revealed that the bond strength of the 
adhesive systems was not significantly different among them in 24 h. However, in 28 
days, the EXNB group showed the higher µTBS mean and was different (p=0.002), 
when compared to the other EXC group. 
No premature failure was observed in any of the groups. The failure pattern 
in all groups was predominately adhesive. Distribution of failure mode (%) by groups 
is displayed in Table 3. Chi-square analysis revealed that there was no significant 
difference in the failure mode after storage for any of the groups (>0.05).  
The Weibull modulus analysis (m) showed variance among the groups 
(Table 4). In 24 h, the results showed the highest value 6.40 for the EXNB group, and 
the lowest for the EXC group (2.44). The change in m was associated with the increase 
in bond strength mean after storage. The trend for 63.5% reliability of specimen failure 
showed an increase in bond strength means by time of storage, showed an increase 
in bond strength for EXNB group (55.3 MPa), being different from the other groups that 
remains similar. The Figure 4 shows the Weibull analysis survival probability for CSE2, 
EXC and EXNB after 24 h and 28 days. It can be noted that after 28 days of storage 
the survival probability of the EXNB group improved compared to the other two groups. 
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Fig 4. Weibull analysis survival probability for each of the groups a) 24 hours 
and b) 28 days of storage  
 
 
 
 
 
 
 
 
 
 
 
 
 
3.5. In situ zymography  
The Figure 5 shows that for all specimens, after 7 days of incubation, green 
fluorescence in caries-affected-dentin was observed. This was due to the hydrolysis of 
the fluorescein-conjugated gelatin. Small intensity of fluorescence was observed in the 
negative control due to the residual enzymes within the tubules. However, there was 
no statistical difference among them. After 28 days, the intensity of all groups was 
significantly higher (p>0.05), within the same group. The EXNB group experienced less 
activity being statistically different than the experimental group (p=1.24E-4), but similar 
to the CSE2 (p=0.07). At the same time, this group was also different to the EXC group 
(p=1.89-E3).  
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Fig 5. Representative CLSM scans (63X 1.4NA oil immersion objective) for 
in situ zymography of the caries-affected-dentin and resin interface. Letters A: 7 days 
and B: 28 days storage in SBF. Group 1: CSE2, 2: EXC and 3: EXNB. Scale bar 50µm. 
 
 
Table 5. Mean intensity of fluorescence (standard deviation) in the hybrid 
layer (<0.05). 
 
7 days 28 days 
CSE2 6.11 (0.9) Aa 15.41 (0.7) ABb 
EXC 7.27 (0.3) Aa 23.24 (4.0) Bb 
EXNB 3.89 (0.4) Aa 11.10 (0.9) Ab 
*Different capital letters mean statistical difference in columns. 
**Different lowercase letters mean statistical difference in rows.  
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3.6. Transmission Electron Microscopy 
 
The Figure 6 shows the interface between the dentin and adhesive systems. 
The A pictures shows caries-affect-dentin, hybrid layer (closed arrow), adhesive layer 
and the resin composite (particles are observed). In the B pictures, a high magnification 
of the previous ones signaled with the closed arrow. Inset the Selected Area Electron 
Diffraction, the 1B and 2B images are not visible rings, meaning a more amorphous 
material, compared to picture 3B. Interestingly in 1A (CSE2) the nanolayering was 
observed.  
  
Fig 6. TEM micrographs of the interface, Letters A: lower magnification B: 
higher magnification after 28 days of storage in SBF, Groups 1: CSE2, 2: EXC, and 3: 
EXNB. Closed arrows signal the start of the hybrid layer next to the adhesive layer. 
Open arrow exposes nanolayering of 10-MDP. Inset: Selected Area Electron 
Diffraction. 
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3.7. pH Behavior 
The pH changes are summarized in Table 6 and Figure 7. The data were 
submitted to 1-way ANOVA with repeated measures and Tukey post-hoc test (<0.05). 
The baseline pH (0 time) of each group exhibited a difference for the EXNB group with 
demineralized dentin powder (p=0.009) compared to other groups. The reaction was 
monitored during 24 h. During the first minute, only differences for EXNB group was 
found. The stabilization of pH and the log Time (s) is showed in Figure 7. 
Table 6. pH changes of self-etching adhesives mixed with dentin powder 
solution and water. 
 
Period of time 
Dentin 0 0.5min 1 min 2 min 3 min 4 min 5 min 10 min 20 min 30 min 24 h 
CSE2 5.83 3.37 3.31 3.40 3.42 3.47 3.55 4.78 4.52 4.64 4.69 
EXC  5.11 3.93 3.98 4.07 4.24 4.34 4.43 4.07 4.32 4.42 4.88 
EXNB  6.61* 3.19 3.59 3.73 3.84 3.88 3.83 3.85 4.26 4.52 5.07 
Water            
CSE2 5.59 4.11 4.08 4.11 4.04 3.98 4.00 3.98 3.98 3.97 2.98 
EXC  5.88 3.35 3.35 3.25 3.16 3.17 3.17 3.17 3.22 3.20 3.33 
EXNB  5.62 3.10* 3.06* 3.40 3.39 3.43 3.35 3.28 3.30 3.29 3.23 
*Significant difference in columns was found between groups for pH values. 
No significant difference was found between rows. 
  
Fig 7. pH changes of self-etching adhesives mixed with water or dentin 
powder as a function of time. 
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4. Discussion 
Previous reports of successful application of bioactive particles are found in 
literature either in vitro [21][37][38] or in vivo [39]. The present study used a 
experimental self-etch primer comprising 10-MDP as a functional monomer, and a 
synthetized nanobioglass doped into the adhesive resin, because of the reaction 
between the radical of the functional monomers and the Ca and PO4 ions.  
The specimens were characterized to show specific material characteristics. 
Although the storage time for the µTBS test was short enough to not observe a 
variation in the control group (EXC), the short-term modification of the EXNB group 
was achieved, followed by other bio-mechanical properties. 
Remineralization is a heterogeneous process [40]. However, the process 
would have two levels of heterogeneity: the first due to the phase separation of the 
adhesive [41] and the second due to the amount of residual water of the partially 
demineralized collagen that varies among 14 to 53% [42]. Due to these characteristics 
and interactions between restorative materials and caries-affected-dentin, prior studies 
showed higher values for the bond strength in sound dentin when compared to affected 
dentin [12][43]. When compared to sound dentin, the mechanical properties of caries-
affected-dentin are compromised, like cohesive strength and hardness. The use of 
nanoindentation was valuable for mapping and indenting close areas to the hybrid 
layer. The recovery of the hardness of EXNB group was evident (Fig. 1, p=9.88 E-11). 
TEM SAED images confirmed this result, finding an apatite like crystal-needles within 
the hybrid layer (Fig. 6, 3B), that is practically absent in the other two groups (Fig. 6, 
1B and 2B).  
In caries-affected-dentin, the 2-step self-etch adhesive systems presents 
porous and collagen rich area in the hybrid layer, indicating an incomplete infiltration 
of the resin adhesive monomers into the affected dentin [44]. Self-etch systems cannot 
dissolve and remove the outer layer, avoiding a mechanical interlocking with the caries 
affected dentin. Furthermore, their success relies on the chemical interaction with 
calcium ions, which are in lower percentage in an affected dentin. For this reason, there 
is a recommendation to treat caries-affected-dentin using a etch-and-rinse adhesive 
system [45]. However, the demineralization of the acid attack makes unappealing for 
a Minimal intervention approach. The µTBS outcome after 28 days showed no 
difference for the commercial adhesive system (CSE2) and EXNB group.  
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Interestingly, the Weibull modulus for the EXNB group increased after 28 
days. This change could be associated to the crystal growth and apatite maturation 
process, observed also in TEM SAED images. The CSE2 group exposed a stable 
result. Probably, the presence of an improved catalytic system in this commercial 
adhesive system makes it more efficient than the prior version, and the Weibull 
modulus found in this study is similar than a previous report (~4.5) [46]. The high 
modulus reflects the reliability which was seen in the improvement in the bond strength. 
With high probability, it can be assumed that the EXNB and CSE2 groups creates a 
reliable bond to the tissues [47]. Clinically, the higher reliability a bond strength 
provides, the more challenges will be capable to stand (polymerization shrinkage 
stress, compressive mastication forces or thermal expansion variances).  
Durability studies suggests that hydrolytic degradation are a common 
problem in caries-affected-dentin and dentin-resin interfaces [48]. A hampered 
polymerization also is reported due to the residual moisture within the collagen fibrils 
[49]. Besides this problem, the exposed collagen would lead to an enzymatic 
degradation lead by matrix metalloproteinases (MMP’s). The ability of the self-etch 
adhesives to increase the gelatinolytic activity within the hybrid layer, is related to the 
reduce of pH and the increase of number of non-mineralized collagen (exposed 
collagen). The acidic resin monomers activate the latent forms of MMP’s (pro-MMP’s) 
via the cysteine-switch that exposes the catalytic domain of these enzymes. Even, it is 
possible to occur the inhibition of the tissue inhibitors of MMPs (TIMPs), removing the 
TIMP-1 and -2 could lead the activation of MMP-2 and -9[50]. The caries stimulates 
MMP-2 expression and increases levels of MMP-9 and -20. However, dentin collagen 
matrix in caries–affected-dentin is stable until is highly demineralized (even after 50% 
of mineral reduction) [51].However, if is partially degraded, it only loses the 
remineralization capacity when the periodicity is lost, because of the loss of 
telopeptides, meaning that interfibrillar remineralization is no further possible [52]. The 
variability of hardness of the EXNB group showed how the condition of the caries–
affected-dentin would lead a heterogenous recuperation of the hardness below the 
hybrid layer (Fig 1). In the present study, the in situ zymography was done to detect 
the ability of the activation of MMP within and below hybrid layer, using confocal 
microscopy. The subsurface was assessed [53] and showed a difference after the 
application of the EXNB group, showing that the expression of MMP-2 and -9 were not 
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as high as the other two groups (EXC and CSE2), comparing the intensity of 
fluorescence of the overlapped images in 2D. 
In this study, OCT was used to monitories this process. The lesion depth 
and coefficient of attenuation were determined, but it is worth noted that the depth 
lesion in OCT analysis is not a real value, but an optical value. The refractive index of 
each group would interfere directly to the optical path[54]. The lesion showed a rarefied 
dark with no clear borders, as well as dissolved dentin minerals, progressively 
mimicking until a sound dentin area[55]. The binarization process of OCT images used 
to determine the µat, are not sensitive enough to determine a micrometric change due 
to the increased porosity of the substrate that would increase the scattering of light[56]. 
However, the lesion dimensions were able to be obtained using the customized 
software [57]. The use of a CLSM correlating OCT images are wide known[54], and in 
this study was proposed to use the CLSM to evaluate the recovery of volume of the 
caries-affected–dentin. The results (Fig 3.) showed a median of 72.16 % of recovery 
for EXNB, compared to the other groups. As all samples were grinded following the 
same protocol the softer (non-remineralized) area, and continued to expose the loss 
of tissue after storage. 
The adhesion/decalcification (AD) concept emphasizes the importance of 
ionic bond formation between the anion (acidic) and the cation (Calcium) on the crystal 
surface, forming a stable salt. Thereby, the 10 MDP-Ca salt forms a nanolayering 
structure that was identified above the hybrid layer and forms a more or less distinctive 
gray salt layer in the TEM images (Fig 6, 1B) [58], presents in the CSE2 group.  
Salt deposition after acid-etching reaction is dependent on the pH of the 
solution. In this study it was aimed to reproduce the more characteristics of a caries-
affected-dentin properties. During the self-etching process, hydrogen ions diffuse 
across the dentin, followed by stabilization of the hydrated collagen network bonding 
to a hydroxyapatite plate. In case of 10-MDP, a highly insoluble salt is formed [59][60]. 
Therefore, the collagen exposed makes the caries-affected dentin a challenge for the 
normal chemical reaction. 
The buffering property is different in caries-affected-dentin. It was proposed 
in this study that the demineralized dentin starts at an acidic pH ~5.5. and sound dentin 
is more basic due to the basic oxides. The mineral part is more relevant when caries-
affected-dentin is studied, because the organic matrix (collagen exposed) only 
represent 1.5% of the total buffering capacity[61]. It was proposed in this study that the 
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hybrid layer (simulated in this experiment) did not achieve a neutral pH; however, the 
demineralized area below the hybrid layer achieved appropriate pH, being able to 
remineralize and have crystal growth. Trivalent form of phosphates are the most 
common in dentin[62], and they react with acids to form HPO4-2 and H2PO4-1 . This 
makes its unstable and soluble due to the strain of the crystalline lattice of the 
protonated apatite, increasing the H ion and lowering the buffer effect [61]. The pH 
behavior results (Table 6, Figure 7) showed an immediate buffering of the solution 
when EXNB is applied, probably due to the metallic oxides it releases. As expected, 
the water solutions were not buffered as the solution mixed with demineralized dentin 
powder [3]. However, in the experiment, the neutral pH was not achieved, showing a 
loss of buffering ability of the demineralized dentin.  
The larger amount of water in caries-affected-dentin hybrid layer makes the 
adhesive interface unstable [40]. In this sense, the mineralization of the weakened 
hybrid layer makes the recovery of bond strength a strategy for further advances. As 
demonstrated in the present study, the recovery of properties would reduce enzymatic 
degradation and the remineralization of the caries-affected-dentin would be feasible. 
However, long term studies must be conducted to assess the behavior of the newly 
remineralized areas. 
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6. Supplementary information 
Fig 1. Percentage of recovery of hardness by confocal depth assessment. 
 
 
The images of all the samples were obtained, and the area of the 2D image 
(yellow) was obtained using the software VK-X 150 series (Keyence, Tokyo, Japan), 
the 24 hr image corresponding to one half of the sample was observed and compared 
after 28 days of storage, both halves were polished following the same protocol. 
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3. Conclusão 
Após a apresentação e discussão dos dados nesse capítulo único, pode-
se concluir que a remineralização do tecido afetado por cáries (dentina), proposta para 
formar apatita a partir de um adesivo autocondicionante contendo partículas 
nanométricas de biovidro, é viável. Ainda, esse sistema adesivo não atrapalhou a 
confiabilidade da resistência adesiva.  
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